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POSTOPERATIVE PAIN FOLLOWING TOTAL 
PNEUMONECTOMY 


I. Irs RELATIONSHIP TO POSTOPERATIVE CARE AND TO CERTAIN 
POSTOPERATIVE COMPLICATIONS 


JULIAN JOHNSON, M.D., D.Sc.(Mep.), F.A.C.S. 
PHILADELPHIA, PA. 


A SERIES of twenty total pneumonectomies has been completed 
recently* with one death, a mortality of 5 per cent. It is believed 
that the postoperative care played a very important part in maintain- 
ing this low mortality. There were numerous postoperative compli- 
cations which certainly would have been fatal had they not been dealt 
with immediately and energetically. It is believed that postoperative 
pain can and does play an important part in the production of some 
of these complications, while it constitutes a tremendous handicap in 
the treatment of most of the complications. 

Most of the patients operated upon have had a fairly long incision 
in the fourth or fifth interspace. In the early cases, the incision ex- 
tended almost the entire length of the interspace. More recently, it 
has been made from the posterior axillary line to the sternal border. 
In most instances, postoperative pain has been severe. There is pain 
with each respiratory movement, while an effective cough may be ex- 
cruciatingly painful. 

Because of the pain, the patients prefer to lie on the unoperated side 
rather than on the side of the incision. The respirations become rapid 
and shallow to avoid the pain associated with deep respirations. The 
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patients often allow mucus to accumulate in the tracheobronchial tree 
rather than experience the pain associated with trying to cough it up. 

The common causes of death in which postoperative pain may be a 
factor are (1) eardiae failure in elderly patients; (2) pulmonary com- 
plications caused by postoperative secretions not on a cardiac basis; 
(3) drowning from a bronechopleural fistula; and (4) undue shift of 
the mediastinum toward the remaining lung, preventing its adequate 
aeration. Pain is a factor in the etiology of the first two of these 
complications. It greatly increases the difficulty of treatment in all 
four of the complications. These complications shall be discussed in 
order. 

COMPLICATIONS 

1. Cardiae failure in the elderly patient. This is demonstrable by 
pulmonary edema. The remaining lung gradually fills up, and the 
patient is unable to cough up the edema fluid as rapidly as it forms. 
Thus he dies of anoxia. In the patient with a less severe case, the 
pulmonary edema may be only minimal and exist largely in the de- 
pendent portion of the lung. Bronechopneumonia is likely to develop 
on the basis of this pulmonary edema. 

It is obvious that the patient with a severe cardiae condition cannot 
stand a total pneumonectomy regardless of the type of postoperative 
eare. On the other hand, the borderline patient certainly may be aided 
in his recovery. It is most important to avoid dependent edema in the 
remaining lung. This can be done by having the patient lie on the 
operated side with the foot of the bed slightly raised. In this position, 
no part of the remaining lung is dependent. Moreover, if there is any 
pulmonary edema on a cardiac basis, this position offers the best 
chance of dependent drainage. The patient should also practice deep- 
breathing exercises regularly to keep all parts of the remaining lung 
aerated and to prevent any more areas of atelectasis. 

The chief drawback to this plan of postoperative care is that the 
patient is likely to have so much pain in his wound that it is impossible 
to keep him on the operated side. Moreover, each respiration is so 
painful that he can rarely be induced to take long deep respirations. 

2. Pulmonary complications caused by postoperative secretion not 
on a eardiae basis. The patient with bronchiectasis requiring pulmo- 
nectomy usually has some minimal bronchiectasis on the other side. 
Certainly he will have some inflammation of the bronchial mucous 
membrane due to the spillover from the diseased side. If this seere- 
tion is allowed to remain in the smaller bronchi, atelectasis will follow. 
If a large area is involved, the patient will die of anoxia. When a 
smaller area is involved, bronchopneumonia will almost certainly de- 
velop if the atelectasis is not promptly relieved. 

Carcinoma patients are often faced with the same problem. Not 
infrequently there is considerable secretion from the tracheobronchial 
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tree, either from the bronchial stump or perhaps from the irritation 
caused by the anesthetic. When there has been pulmonary infection 
in addition to the carcinoma, there is usually considerable postopera- 
tive secretion. 

Here again the position of dependent drainage is important. It is 
even more important that the patient cough out any secretion present. 
Pain is the greatest factor in preventing an effective cough. A patient 
with such pain may allow the secretion to accumulate in the tracheo- 
bronchial tree rather than endure the pain of coughing it out. 

3. Drowning from a bronchopleural fistula. When the chest has 
been closed without drainage and there is infection postoperatively, 
a bronchopleural fistula may occur suddenly. A patient with such a 
fistula may rapidly drown as the serum from his pleural cavity pours 
over into the other lung. This catastrophe may be avoided if the leak 
is small at first and is recognized early. If the patient is lying on the 
operated side when the leak occurs, it may be possible for the serum 
to be coughed out rather than to fill the remaining lung. Although 
pain plays no part in the production of this complication, it greatly 
decreases a patient’s ability to lie on the operated side and cough out 
any serum that gets into his trachea until an emergency thoracostomy 
can be done. 

It should be pointed out that even though a drain with continuous 
suction has been placed in the chest because of infection, this does not 
prevent a spillover with a bronchopleural fistula. With a continuous 
suction drain, a serothorax is maintained on the operated side. There 
is usually some loculation from coagulated serum. Thus, when a fistula 
develops, considerable serum may spill over into the opposite lung, 
especially if the patient is lying on the unoperated side. This danger 
ean be avoided almost completely by placing a second tube in the 
chest, through which air is allowed to enter at regular intervals. The 
serum in the pleural cavity is thus removed by the suction and a pneu- 
mothorax rather than a serothorax is maintained. 

4. Undue shift of the mediastinum toward the remaining lung pre- 
venting its adequate aeration. When one lung has been removed and 
the remaining lung is compressed by mediastinal shift, proper aeration 
cannot be maintained and the patient dies of anoxia. In the patient 
whose chest is closed with a drain, the prevention of the mediastinum 
shift is accomplished by maintaining a constant suction of 7 to 10 em. 
of water. In the patient whose chest is closed without drainage, air 
or fluid may be aspirated from the operated side at intervals, sufficient 
to maintain the mediastinum in the midline or somewhat to the operated 
side. 

An additional aid in preventing compression of the remaining lung, 
especially if the connection of the drainage tube to the chest wall 
should leak, is to have the patient lie on the operated side. The weight 
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of the heart and great vessels tends to pull the mediastinum toward 
the operated side and allow aeration of the remaining lung. Here 
again pain is not a factor in the production of this complication, but 
it is a serious detriment to the patient’s ability to lie on the operated 
side and maintain deep respirations at a time when they are necessary 
for adequate aeration of the remaining lung. 


PREVENTION OF COMPLICATIONS 


The postoperative procedures which have been considered most im- 
portant in avoiding the causes of death under discussion may be out- 
lined as follows: 

1. Have the patient lie on the operated side continuously (a) to 
avoid dependent edema, (b) to promote free drainage of the remain- 
ing lung, (ec) to avoid gross spillover into the remaining lung should 
a bronchopleural fistula suddenly develop, and (d) to aid in prevent- 
ing a compression of the remaining lung by shift of the mediastinum. 

2. Have the patient take regular deep-breathing exercises to avoid 
small areas of atelectasis and subsequent bronchopneumonia due to 
incomplete aeration. 

3. Have the patient cough out any secretion which may be present 
in the tracheobronchial tree. 

Unfortunately, the program outlined frequently may be almost com- 
pletely impractical because of postoperative pain. If the patient at- 
tempts to lie on the operated side, the pain is so severe that he cannot 
remain there for more than a few moments. If he attempts to take 
deep-breathing exercises, pain will stop him short of a full respiratory 
excursion. Furthermore, the severe pain of coughing is such that he 
prefers to let the mucus accumulate in the tracheobronchial tree rather 
than attempt to cough it out. 


THE USE OF SEDATION 


One’s natural impulse is to give patients sufficient morphine to re- 
lieve the pain. However, this incurs the danger of diminishing the 
cough reflex to such an extent that secretions accumulate in the 
tracheobronchial tree. In one instance, this resulted in atelectasis of 
the right upper lobe after a left total pneumonectomy. Such a com- 
plication may be overcome only by the most energetic treatment. 

If, on the other hand, one avoids sedation too long, the patient’s life 
may actually be threatened as a consequence. In at least one patient, 
the sedation was held off too long for fear of diminishing the cough 
reflex. Because of pain, the patient began taking shallow rapid res- 
pirations. He allowed secretions to accumulate in his tracheobronchial 
tree to avoid the pain of coughing. Because of these two factors he 
developed an anoxia and from it went into shock. When a large dose 
of morphine was given, the pain was sufficiently relieved to allow the 
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patient to cough up the secretion and take deep even respirations. 
Having overcome the anoxia, the patient rapidly recovered from the 
shock with the aid of intravenous fluids. 

It has been found therefore that one must proceed carefully along 
the middle road between too much morphine and too little morphine, 
either extreme having potentially fatal complications. However, even 
with the most careful attention, it may often be impossible to reach 
a stage of sedation which will relieve the patient’s pain adequately, 
and still not depress his cough reflex and respiratory rate to a danger- 
ous degree. 

SUMMARY 

1. Certain complications which occur commonly after total pneumo- 
nectomy have been discussed. 

2. A program of postoperative care, designed to prevent these com- 
plications or to aid in their treatment should they occur, has been 
presented. 

3. Postoperative pain often prevents the satisfactory execution of 
this program and is, therefore, an important factor in the production 
of, or the difficulty in, treating these complications. 

4. Postoperative sedation, although helpful, must be carefully used, 
and certainly does not completely solve the problem of postoperative 
pain. 























POSTOPERATIVE PAIN FOLLOWING TOTAL 
PNEUMONECTOMY 


II. Its PREVENTION BY CRUSHING THE INTERCOSTAL NERVES 
AT THE TIME OF OPERATION 


JULIAN JOHNSON, M.D., D.Sc.(Mep.), F.A.C.S. 
PHILADELPHIA, Pa. 


OR the reasons pointed out in Part I of this communication, it 

became apparent that it would be desirable to avoid the post- 
operative pain following total pneumonectomy. For the last eighteen 
months, an effort has been made to accomplish this by cutting or crush- 
ing the intercostal nerves at operation. 

The nerves may .be located easily on the inside of the chest about 
two inches from the vertebrae, where they lie right under the pleura. 
Further peripherally, the nerves go under the internal intercostal 
muscles and are more difficult to locate. In their latter position, there 
is a danger of bringing up only part of the nerve. There is also more 
danger of injury to the intercostal vessels. 

Using an anterolateral incision in the fifth interspace, it has been 
possible to produce an almost completely pain-free wound by crushing 
the second to seventh intercostal nerves close to the spine. The area 
of skin anesthesia was well to either side of the incision, extending 
some distance above it toward the midline anteriorly. Nevertheless, 
it was found to be necessary to go as high as the second intercostal 
nerve in order to avoid pain in that portion of the wound which ex- 
tended into the axilla and encroached upon the scapula. This is partly 
due to some overlapping of the nervous innervation and partly due to 
the fact that there was frequently some undermining at the scapular 
end of the incision. When only two nerves were cut on either side 
of the incision, the postoperative pain was definitely reduced but not 
entirely relieved. However, when the second to seventh nerves were 
crushed, the wounds were uniformly almost completely pain free. 

On two occasions, the patient developed some pleuritic pain in an 
area quite distant from the incision. Such pain was transitory in one 
instance, and in the other it was of a type not to compare to that 
usually experienced in the incision. In one instance, the pain was 
referred to the shoulder, apparently from diaphragmatic irritation. 
In the other, the pain was in the upper abdomen in the region of the 
eleventh to twelfth intercostal nerves. 

Having a pain-free wound, the patient has a tremendous advantage 
in carrying out the plan of postoperative care suggested in Part I. 
He may lie almost constantly on the operated side without discomfort, 
and may take deep, even respirations. Any mucus in the tracheobron- 


Received for publication March 26, 1943. 
702 

















JOHNSON: POSTOPERATIVE PAIN AFTER PNEUMONECTOMY 703 


chial tree can be coughed out without pain. Sedation is required only 
for sleep. One patient commented that he had had much less pain and 
discomfort following his pneumonectomy than following a simple herni- 
orrhaphy done two months previously. Another said that as far as 
he was concerned, it was simpler than a bronchoscopy. 

It is believed that the pain-free wound may have been the deciding 
factor in the ability of several borderline cases to survive postopera- 
tive complications. Two patients developed bronchial fistulas, and 
fairly large quantities of serum were pouring over into the trachea. 
In each instanee, a pain-free wound was a great advantage to them. 
They were able to lie on the operated side and cough up the serum, 
until an emergency thoracostomy could be done. 


SEQUELA 


Some type of nerve interruption has been used in over half of our 
series of twenty total pneumonectomies. At first, cutting of the nerves 
was employed until the number of nerves which had to be cut was 
ascertained. One patient complained of pain some months later, pos- 
sibly due to the growth of the cut nerves. Since then, simple crushing 
of the nerves with a heavy clamp has been employed and has been 
just as effective in preventing the postoperative pain. The advan- 
tages of this procedure are that the sensation eventually returns to the 
chest wall, and there is less chance of injury to the intercostal artery 
or of subsequent painful neuromas. To date we have had no reason 
to regret the crushing of the intercostal nerves. The patients have 
complained only mildly of the temporary area of anesthesia. 

No difficulty in wound healing has been experienced. Nevertheless, 
when it is considered necessary to keep the patient constantly on the 
operated side, it may be advisable to relieve pressure on the wound 
at intervals by the use of pillows. 


SUMMARY 


1. Crushing of the intercostal nerves on the inside of the chest dur- 
ing a pneumonectomy is recommended for the prevention of postoper- 
ative pain. (The second to seventh nerves should be erushed if the 
incision is in the fourth or fifth interspace. ) 

2. Having a pain-free wound, the patient is able to lie on the oper- 
ated side to allow free drainage from the remaining lung. He is able 
to maintain deep, even respirations to insure complete aeration of the 
lung. He is able to cough out secretions from the tracheobronchial 
tree without pain. 

3. It is believed that this procedure will always add to the smooth- 
ness of the convalescence, and may occasionally be instrumental in 
avoiding a fatal complication. 

4. There has been no reason to regret the crushing of the intercostal 
nerves. 
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NONSYPHILITIC ANEURYSM OF THE AORTA IN 
INDIVIDUALS UNDER 45 YEARS OF AGE 


M. F. Stemsere, M.D., A. GrisHMaAn, M.D.,* anp M. L. Sussman, M.D. 
New York, N. Y. 


OUR eases of aneurysm of the thoracic aorta are presented, appar- 
ently not due to syphilis, three in individuals under 35 years of 
age, the fourth in a man of 44 years. 

Aneurysm of the thoracic aorta ordinarily can be ascribed either to 
syphilis or to atherosclerosis. The frequency of each depends largely 
on the source of material. Syphilis is more common in patients under 
the age of 45 years, atheroma in the older age groups. Occasionally 
mycotic aneurysms which are small and incomplete occur as the result 
of bacteremia as in subacute bacterial endocarditis and typhoid fever. 
A sizable aneurysm due to one of these diseases is unusual. Sometimes 
aortic dilatation is found in rheumatic fever, whether due to aneurysm 
or functional dilatation usually is debatable. Traumatic aneurysms oc- 
cur, as a rule, in an aorta which is already diseased. In coarctation of 
the aorta, there may be aneurysmal dilatation proximal to the stenosed 
segment. Occasionally the portion of the aorta just distal to the coarcta- 
tion also is dilated. Traction aneurysm has been reported due to pull 
by tuberculous lymph nodes. Thoma’ described two eases of traction 
aneurysm in the proximal descending aorta at the level of the ductus 
arteriosus apparently due to pull by the ductus. He referred to four- 
teen similar cases reported by Rokitansky. Our experiences with angio- 
cardiography in eases of patent ductus arteriosus* also suggest strongly 
that traction aneurysm of the aorta on this basis is not as rare as was 
assumed previously, although precise information is not available sinee 
differentiation from the infundibulum of the ductus is not possible by 
this method. Occasionally an aneurysm is found in an area of medial 
necrosis with minimal atheromatous changes elsewhere in the aorta 
(Rottino?). Jores' states, however, that there are rare occasions in 
which small or even sizable dilatation of the aorta is found in which 
the wall of the vessel otherwise shows no abnormality. It is unlikely 
that it results from senescence and its origin is unknown. 

Among the last 4,000 post-mortem examinations made in the Mount 
Sinai Hospital there were thirty-five aortic aneurysms, excluding dis- 
secting aneurysm. Five occurred in patients less than 40 years of age. 


From the Department of Radiology, The Mount Sinai Hospital, New York, 
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In three, syphilis was demonstrated. One was a mycotic aneurysm the 
size of a small plum just above the sinus of Valsalva, which occurred 
in a case of subacute bacterial endocarditis. The fifth was a patient 
with an aneurysm just beyond the aortic arch 2.5 to 3 em. in diameter. 
The cause was undetermined. 


CasE 1 (Atheroma).—E. G. came to the Consultation Service Jan. 19, 
1942. This 35-year-old man was completely well until one year pre- 
viously, when he experienced an attack of midsternal pain and fever 
lasting for two days. He was not studied by electrocardiography. His 
recovery was speedy and almost complete. During the past year he had 
oceasionally complained of a peculiar feeling around the heart and very 
oceasional pain. This disturbance was described as a deep pressure. 





Fig. 14 (Case 1).—Conventional roentgenogram of the chest showing an elongated 
fusiform mass to the left of the spine. 


The patient was a lead printer. The physical examination was com- 
pletely negative. The pulses were equal, the blood pressure in the 
right arm was 128/76, and that in the left arm, 124/74. Electro- and 
phonoeardiograms showed no abnormality. Blood Wassermann and 
Kahn tests were negative. 

Chest roentgenogram revealed a mass in the posterior mediastinum 
apparently continuous with the descending aorta (Fig. 1A). 
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Angioeardiography proved the mass to be an aneurysm of the de- 
seending aorta. The ascending aorta and arch were of normal caliber 
(Fig. 1B). 





Fig. 1B (Case 1).—Angiocardiogram in the lateral position demonstrates an 
aneurysm of the descending aorta (black arrows); the ascending aorta and arch are 
of normal size (white arrows) and the arch is irregular in outline. 


Case 2 (Atheroma).—A. E. (No. 415841) was a 44-year-old man 
who was seen in this hospital in 1938.4 He gave the history that, in 
1929, an operation was performed on his right calf for a lesion which 
was diagnosed as an aneurysm of the posterior tibial artery. Appar- 
ently he recovered completely following operation. He was admitted 
in 1937, with a two weeks’ history of pain in the right popliteal space. 
He had an obvious aneurysm of the popliteal artery. Operation was 
decided upon but had to be deferred because lymphangitis and phlebitis 
supervened. Fever continued after the local inflammatory process ap- 
parently subsided. Suddenly the aneurysm perforated. Emergency 
operation was necessary and the operator succeeded in obliterating the 
sac. A secondary hemorrhage occurred which also was successfully 
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controlled. Function in the knee and foot was good and the cireula- 
tion was satisfactory despite the absence of pulsations at the ankle. 
The patient was re-admitted in September, 1941, because he had de- 
veloped rather suddenly a severe pain in the right side of the neck. 
He became very hoarse. A roentgenogram of the chest revealed an an- 
terior mass in the right superior mediastinum which was considered 
most likely due to a substernal enlargement of the thyroid gland (Fig. 
2). However, the right voeal cord was found to be paralyzed, which was 
unusual if this was the correct diagnosis. Blood Wassermann and Kahn 
tests were negative. At exploration the thyroid gland was found to be 





Fig. 2 (Case 2).—Conventional roentgenogram showing a mass in the right superior 
mediastinum which at post-mortem examination proved to be an aneurysm at the 
junction of the right innominate, subclavian, and common carotid arteries. 


« 


normal in size. A mass was found within the substance of the scalene 
muscles just above the superior thoracic aperture. It lay immediately 
lateral to the common carotid artery and directly above and in front of 
the right subelavian vessels. The mass was grayish yellow in color and 
was hard to palpation. It was assumed to be a malignant tumor, possibly 
vascular in origin because it bled freely. Subsequently the patient was 
re-explored in order to determine more precisely the nature of the mass. 
Angiocardiography had not contributed to the diagnosis since there was 
no opacification following injection although the aorta was opacified 
and was normal in size. Through an anterior transmediastinal approach, 
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the innominate artery was exposed and the mass was delineated. It 
was smooth, well encapsulated, and pulsated freely. On aspiration, 
blood was obtained readily and the lesion was considered to be an 
aneurysm. 

The patient died suddenly three months later. The Medical Examiner 
(Dr. Israel Michaelstein) found an aneurysm at the junction of the 
right innominate, subelavian, and common earotid arteries. The heart 
was not abnormal. The aorta showed atheromatous changes in the intima. 

During the patient’s final stay in the hospital, the conclusion was 
reached that the multiple aneurysms were manifestations of a diffuse 
arterial disease. Additional evidence was elicited by removal of a por- 
tion of the left ulnar artery. Histologically this revealed minimal arte- 
riosclerotie changes with foeal medial calcification. 


| 8 ae002 LEFT 





Fig. 3A (Case 3).—Conventional roentgenogram showing a mass in the left posterior 
mediastinum displacing the esophagus to the right. 


CasE 3 (Traction Aneurysm, Cause Unknown).—C. A., a 31-year-old 
man of athletic build, complained of shortness of breath for several 
years. In 1939, a mediastinal mass was found at the left hilar region 
which further investigation proved to be in the posterior mediastinum. 
The patient was explored through a posterior mediastinotomy (Evarts 














STEINBERG ET AL.: NONSYPHILITIC ANEURYSM OF AORTA 709 


A. Graham) and the diagnosis was made of an aneurysm of a patent 
ductus arteriosus. The symptoms remained more or less unchanged 
during the past four years. During the examination it was noticed that 
on foreed respiration, the expiratory phase was prolonged and had a 
consonating almost bitonal character. By percussion both lungs ap- 
peared equally aerated. Otherwise the physical examination was com- 
pletely negative. There were no cardiac murmurs. 

Fluoroscopy.—Heart was of normal size. A mass, 7 to 8 em. in 
diameter, visible to the best advantage in a slight left oblique position, 
appeared to be located in the posterior mediastinum at the level of the 
left main bronchus. Rather faint pulsations were noted (Fig. 3A). 

Angiocardiography demonstrated an aneurysmal dilatation of the 
proximal descending aorta (Fig. 3B). 





Fig. 3B (Case 3).—Angiocardiogram demonstrates an aneurysm of the aorta just 
beyond the arch. 
The case probably is one of traction aneurysm of the aorta. The 
ductus presumably was not patent because no cardiac murmurs were 
present. 
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CasE 4 (Congenital Aneurysm).—F. M., a 31-year-old white house- 
wife, complained of a dry cough for three weeks. She visited her 
physician who discovered a mediastinal mass on fluoroscopic examina- 
tion. Upon his advice, the patient was admitted to the Surgical Service 
(Dr. Neuhof) for study and treatment. 





Fig. 44 (Case 4).—Convyentional roentgenogram showing a bilocular mass in the left 
‘ middle mediastinum. 


On physical examination, the following significant positive findings 
were elicited: 

A left infraclavicular bruit synchronous with the radial pulse; a 
difference in the blood pressure in the upper extremities, right arm— 
120/68, left arm—90/70. The Wassermann test was reported negative. 
Roentgenogram of the chest revealed a bilocular mass to the left of the 
superior mediastinum (Fig. 44). In the lateral projection, it was seen 
to be in the middle mediastinum. Fluoroscopy was reported as reveal- 
ing pulsation of the mass in a lateral direction only, suggesting that the 
pulsation was transmitted rather than expansile. Kymographic studies 
were inconclusive. 

On the basis of these findings, a clinical diagnosis of mediastinal 
tumor, possibly a dermoid cyst, was made. 
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Exploratory thoracotomy revealed a bilocular aneurysm of the aorta 
at the junction of the ascendens and arch. A thrill was felt over one 
of the loculi. 

Angiocardiography was performed postoperatively. In the right 
anterior oblique position the bilocular aneurysm was opacified seven 
seconds after the rapid intravenous injection of 70 per cent diodrast 
(Winthrop). (Fig. 4B). The diagnosis of aneurysm of the aorta 
could have been established preoperatively by this procedure. 





Fig. 4B (Case 4).—Angiocardiogram in the right oblique position reveals opacifica- 
tion of the mass as part of the aorta indicating that it is an aneurysm at the arch 
or just beyond (black arrows); the ascending aorta is of normal caliber (white 
arrows). 


The exact etiologic basis of the aneurysm was conjectural. However, 
because of the patient’s youth, the absence of a syphilitic history, and 
the negative Wassermann reaction, it was felt that it was congenital 
and not syphilitic. ; 

After discharge from the Mount Sinai Hospital, the patient entered 
the Presbyterian Hospital, New York City, where the aneurysm was 
wired and electrocoagulated in two stages (Dr. Blakemore). Postoper- 
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ative roentgenograms demonstrated the location of the wire within both 
loculi of the aneurysm (Fig. 4C), and direct injection of diodrast 70 
per cent into the aneurysm revealed clot formation within the lumen. 

The patient was well and asymptomatic at the time of this communi- 
cation. 








Fig. 4C (Case 4).—Status after wiring of the bilocular aneurysm. 


DISCUSSION 
The use of the angiocardiographie method in these four cases suggests 
the following principles: 
1. All mediastinal masses in the region of the vascular pedicle should 
be studied completely before operative intervention is decided upon. 
2. Fluoroseopie and kymographie studies do not always aid in dif- 
ferentiating mediastinal tumor from aneurysm. Angiocardiography 
should be performed in all instances where there is a reasonable doubt 
in the differential diagnosis between mediastinal tumor and aneurysm. 


3. A positive angiocardiographic finding is of much more significance 
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than a negative one. Clot formation and excessive dilution of the 
diodrast blood mixture may be causes of nonopacification of aneurysm. 


CONCLUSIONS 
Four cases of nonsyphilitie aneurysm of the aorta occurring in 
younger individuals are presented. All were investigated by angio- 
cardiography. 
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OBSTRUCTIVE EMPHYSEMA AND ATELECTASIS IN THE 
SAME LUNG RESULTING FROM BRONCHOGENIC 
CARCINOMA 


ABRAHAM G. CoHEN, M.D.* 
New York, N. Y. 


OMPLETE obstruction of a major bronchus generally results in 

atelectasis of the corresponding portion of the lung; on the other 
hand, slight degrees of occlusion rarely affect pulmonary aeration. Oc- 
easionally, a check-valve or ball-valve type of partial obstruction is 
encountered. The obstructing body in this type is found to be so situ- 
ated as to permit air to enter the lung, but not to escape. The fact 
that the diameter of the bronchus increases with inspiration and de- 
creases with expiration facilitates the development of this mechanism 
in certain cases. The resulting effect upon the lung is obstructive 
emphysema. 

Foreign bodies cause most cases of obstructive emphysema; where 
the aspiration has been recent, it is possible to observe the strictly 
mechanieal effects of the obstruction uncomplicated by the results of 
secondary infection.’ The literature contains the reports of several 
cases in children in which tuberculous lymph nodes pressing upon or 
perforating into a major bronchus have caused obstructive emphysema 
of at least one lobe. A few cases of obstructive emphysema due to 
endobronehial tuberculosis in adults have been reported.” 

Atelectasis resulting from bronchogeni¢ carcinoma is very common. 
However, the literature contains scanty reference to obstructive em- 
physema in this condition. Vinson* stated that emphysema beyond the 
point of obstruction is rarely seen in bronchogenic carcinoma. Mor- 
lock* reported a case of carcinoma of the left main bronchus in which 
there was obstructive emphysema of the entire left lung. 

The following is a report of a case of bronchiogenie carcinoma which 
caused both obstructive emphysema and atelectasis in the same lung; 
the additional feature of artificial pneumothorax permitted several 
interesting observations. 

CASE REPORT 


H. Y., aged 52 years, was admitted to Beth Israel Hospital on Nov. 27, 
1939. He had had a cough, productive of occasionally bloodstreaked 
sputum, for the past eight months. Physical examination revealed 

From the Thoracic Medical and Surgical Services, Beth Israel Hospital, New York. 
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TABLE I 











DATE INITIAL PRESSURE AMOUNT (C.C.) FINAL PRESSURE 
Nov. 28 500 -14, -8 
Nov. 29 -14, -8 350 -14, -8 
Dee. 1 -16, -4 500 -18, 6 
Dee. 4 -12, -2 600 -10, 0 
Dee. 6 -12, -2 700 -10, +2 
Dec. 8 -10, 0 600 -10, 0 





dullness to pereussion, bronchovesicular breathing, and scattered rales 
over the right upper chest anteriorly. There was marked clubbing of 
the fingers. A roentgenogram of the chest revealed a mass arising from 
the hilus of the right lung; an azygos lobe also was present. Bronchos- 
copy and bronchography performed elsewhere had revealed a squa- 
mous cell carcinoma of the right main brochus. Surgical extirpation 
of the affected lung was decided upon. Accordingly, on November 28, 
a right pneumothorax was induced; a free pleural space was found 
easily and 300 ¢.c. of air were introduced. The amounts of air and 
the initial and final pressure readings are tabulated in Table I. 





Fig. 1.—Roentgenogram taken November 30 following introduction of 650 c.c. of 
air. The upper and middle lobes are almost completely collapsed. The azygos lobe 
appears adherent. The lower lobe is completely aerated. Evidence of the tumor 
mass and of retained lipiodol can be seen. 


A roentgenogram taken November 30 (Fig. 1) showed marked eol- 
lapse of the upper and middle lobes; the azygos and lower lobes remained 
expanded. A subsequent film of December 5 (Fig. 2) showed increased 
density of the upper and middle lobe shadows indicating complete atelee- 
tasis; the azygos lobe appeared to be adherent to the mediastinum. The 
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lower lobe, however, not only remained completely aerated, but actually 
had expanded upward into the free pleural space. Fluoroscopie exami- 
nation immediately after the refill, on December 8, showed very little 
change. Operation was performed the same day by Dr. A. S. W. Touroff. 
When the pleural cavity was opened, the overdistended lower lobe im- 
mediately came into view and provided constant interference with the 
operative procedure. The tumor mass was found to extend upward 
almost to the carina. A pneumonectomy was performed; the patient 
seemed to do well for a time, then developed a severe infection and died 
on the sixth postoperative day. 





Fig. 2.—Roentgenogram taken December 5, after several additional refills. Note 
complete atelectasis of the upper and middle lobes and the upward expansion of the 
lower lobe into the free pleural space. 


Examination of the resected lung by Dr. H. Brody* showed em- 
physema of the lower lobe, and almost complete atelectasis of the 
azygos, upper and middle lobes. When the main bronchus was opened 
(Fig. 3), a polypoid tumor mass 2.0 by 1.5 em. was found close to the 
eut edge. It protruded into the lumen to form a valvelike structure 
partially obstructing the entrance to the lower lobe and to a lesser 
extent the middle lobe bronchus. In addition, a small submucosal 
tumor nodule, about 7 mm. in diameter, further incompletely obstructed 
the lumen of the middle lobe bronchus. Another tumor mass 1.5 by 1.0 
em., incompletely separated from the polypoid mass, totally occluded the 


*Certain pathologic findinss not related to the subject of this dec are the basis 
for a previous publication: Brody, H.: Arch. Path. 35: 745, 
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orifice of the upper lobe bronchus. Continuous with this was a mass 
about 4.0 em. in diameter involving all the branch bronchi to the upper 
lobe and also the branch to the azygos lobe. Histologic examina:ion 
showed squamous cell carcinoma. 





Fig. 3.—Hilus of resected right lung with major bronchi opened. Lower arrow 
points to main tumor mass, in a position to cause a check-valve type of obstruction 
to the lower lobe bronchus. The upper arrow points to the portion of the mass com- 
pletely obstructing the upper lobe bronchus, 

DISCUSSION 

This case is of interest because of the coexistence in the same lung of 
atelectasis and obstructive emphysema, both caused by portions of the 
same malignant neoplasm. This tumor was so situated in the main 
bronchus as to occlude completely the orfices of the upper and middle 
lobe bronchi; simultaneously, it. caused a check-valve type of obstruction 
of the lower lobe bronchus. 

The latter finding adequately explains the peculiar behavior of the 
lung during artificial pneumothorax and at operation. With the intro- 
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duction of a relatively small amount of air (650 ¢.c.), almost complete 
collapse of the upper and middle lobes, which would be unusual if the 
bronehi were patent, resulted. The lower lobe remained completely 
aerated. Further introduction of 2,400 ¢.c. of air, making a total of 
3,050 ¢.c., not only failed to produce any collapse of the lower lobe, but 
there actually was expansion into the space normally oceupied by the 
upper and middle lobes. The operative findings were in keeping with 
the roentgenographie in that the lower lobe remained overexpanded 
throughout the operation. A somewhat comparable mechanical phenome- 
non took place in four eases of tuberculosis in which the patients received 
artificial pneumothorax, reported by Brantigan, Hoffman, and Proctor.’ 
As a result of obstructive emphysema caused by endobronchial tuber- 
culosis, closed pneumolysis was followed by rapid re-expansion of the 
lung, with consequent loss of the pleural space. 


SUMMARY 


A ease of carcinoma of the right main bronchus is reported. The 
tumor completely obstructed the upper and middle lobe bronchi, causing 
atelectasis; it also produced a check-valve type of obstruction of the 
lower lobe bronchus, causing emphysema. The effect of these mechanical 
disturbances upon the behavior of the lung during artificial pneumo- 
thorax and operation is described. 
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ANEURYSM OF THE DUCTUS BOTALLI AS A SURGICAL 
PROBLEM 


Wirsu Review or THE LITERATURE AND REPORT OF AN ADDITIONAL CASE 
DIAGNOSED BEFORE OPERATION 


S. Mackuer, M.D., aNp Evarts A. GraHnam, M.D. 
Sr. Louis, Mo. 


NEURYSM of the ductus arteriosus is a rare disease of the medi- 
astinum oceurring so infrequently that its existence is commonly 
ignored in a discussion of mediastinal tumors. Aortic aneurysms, how- 
ever, are well recognized and suspected by the surgeon in considering 
mediastinal tumors. The occurrence of this uncommon finding in three 
successive cases at the Barnes Hospital called for an evaluation of 
aneurysms of the ductus arteriosus in relationship to mediastinal 
tumors. In a previous communication: there were reported two cases 
in which aneurysm of this structure was encountered during medi- 
astinal exploration for tumor. In the present instance the informa- 
tion of past experience led to the diagnosis of aneurysm of the ductus 
arteriosus. It is felt that the wide scope which surgery of the thorax 
is rapidly gaining warrants the further consideration of this type of 
*‘tumor’’ of the mediastinum. 

The incidence of aneurysms of the ductus arteriosus is indeed infre- 
quent. The first cases of aneurysm of this structure were described in 
French by M. Billard? in 1837, by M. Martin St. Ange and M. Parise,’ 
and by Geoffrey St. Hilaire and Baron. The succeeding cases appear 
as sporadic reports which are found almost exclusively in German 
literature. Thore,® in 1850, reported a series of eight cases of his own, 
all found postmortem in infants whose ages ranged from a few days to 
several weeks. The aneurysm in each ease was filled with freshly 
clotted blood. In 1852, Rokitansky,® in his textbook of pathology, dis- 
cussed aneurysm of the ductus arteriosus, and mentioned one ease. 
Virchow,’ four years later, reported a ease of a child in which an 
aneurysm the size of a walnut was found, also filled with fresh blood 
clot. 

Following these early records the frequency of aneurysm of the 
ductus Botalli seemed to increase. This was only apparent, however, 
as Simmonds*® soon pointed out that many of the so-called aneurysms 
of the ductus arteriosus then reported were not true aneurysms of that 
structure, but in reality ‘‘traection aneurysms’’ of the aorta. Thoma,°® 
in 1890, first deseribed this type of aortic aneurysm and its relation- 


ship to the ductus arteriosus. It was pointed out that the aortie wall 
From the Department of Surgery, Washington University School of Medicine, and 
the Barnes Hospital, St. Louis. 
Received for publication Sept. 1, 1942. 
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at the level of the ostium of the ductus is sometimes involved in a 
funnellike depression, and because of its continuity with a patent 
ductus, is often interpreted as an aneurysm of the ductus rather than 
of. the aorta itself. Hammerschlag,?® in 1925, stimulated by Sim- 
monds’ criticism, made a critical survey of the literature on aneurysms 
of the ductus Botalli, and excluded many eases which were previously 
reported as true aneurysms. Thus, the twelve cases of aneurysm of the 
ductus Botalli found in 1,400 successive post-mortem examinations and 
reported by Rauchfuss,'! in 1859, were not considered as true ductus 
aneurysms. Similarly, two cases published by Wagener’? (one in a 
42-year-old man and one in a 38-year-old woman) were excluded from 
consideration. Surviving Hammerschlag’s critical scrutiny were the 
early cases deseribed by the French authors and Thore’s series of eight 
eases. Also considered as true aneurysms of the ductus Botalli were 
three eases described by Roeder,’® in 1901, all occurring in infants, two 
whom died following rupture of the aneurysm; one case of Gruner’s'* 
in a 1-month-old female infant with congenital syphilis; and one case 
of Schattmann’s’® oceurring in a 2-month-old boy. Shortly afterward, 
Esser’® reported two cases in infants whose death soon after birth was 
attributed to rupture of the aneurysm. Dissecting hemorrhages in the 
media of the ductus arteriosus were found in each ease. Weller,!” 
Frolicher,’® Dry,’® Guggenheim,?° and Sheef?! also found this anoma- 
lous aneurysm in infants. Frolicher, in support of Esser’s previous 
findings, found hemorrhages in the media of the ductus arteriosus. In 
Guggenheim’s and Sheef’s patients, death oceurred as a result of 
rupture of the aneurysm into the left pleural cavity. 

Until the early part of the twentieth century, all the instances of 
aneurysm of the ductus arteriosus, with the exception of one ease, had 
been recorded as occurring only in infants. In 1893, Hebb®? of Lon- 
don described a true aneurysm of the ductus Botalli in a 40-year-old 
man. Post-mortem examination revealed a thrombus-filled aneurysm 
the size of a golf ball and coexisting diffuse pulmonary tuberculosis. 
This is the first recorded case of aneurysm of the ductus arteriosus in 
an adult. The next published case of aneurysm in an adult was de- 
seribed by Thorel,?* in 1904. This was found in a 15-year-old girl who 
died following rupture of the aneurysm into the pericardial cavity. 
Hammerschlag’s"”® article of 1925 also contained the record of a 51-year- 
old woman who died of generalized sepsis and meningitis. At post- 
mortem examination, a mycotic aneurysm of the ductus Botalli was 
found, in association with malignant ulcerative endocarditis. Thus, 
out of a total of twenty-nine true cases of aneurysm of the ductus 
arteriosus collected from the literature, only five cases of aneurysm 
occurring in the adult are to be found, namely, the cases of Hebb,” 
Thorel,?? Hammerschlag,’® and the two eases, both in men, aged thirty- 
one and twenty-seven years, previously reported from the Barnes Hos- 
pital (E. A. G.). 
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PATHOLOGIC PHYSIOLOGY 


Anatomically, the ductus arteriosus is a tube 10 to 15 mm. in length, 
extending from the left branch of the pulmonary artery immediately 
after its bifurcation to the underside of the aortie arch just opposite 
the origin of the left subclavian artery. The diameter of the ductus 
arteriosus varies from 4 to 8 mm. in width. At birth the pulmonary 
circuit is called into play and the hydrodynamies of the circulation be- 
tween the aorta and the pulmonary artery is altered. The ductus 
Botalli ceases to be an avenue of importance in the cireulation and’ its 
intraluminal pressure drops. The abundant muscular tissue contained 
in its walls contracts and obliterates the lumen. The duct now under-” 
goes rapid involution and by the third week of life the lumen is im- 
permeable. Fibrosis and contraction then oceurs in the walls in the 
following months, and the ductus is finally transformed into a ligamen- 
tous remnant of later life, the ligamentum arteriosum. If the intra- 
arterial pressure of the ductus arteriosus does not fall sufficiently to 
allow its walls to contract and obliterate the lumen, a patent artery 
remains. 


Numerous explanations’ have been advanced in the attempt to ex- 
plain the causes for the pressure changes in these vessels, with the 
ultimate lowering of the intraductal pressure. Landau** supposed there 
was an active aspiration of blood into the pulmonary artery with the 
first breath (sudden opening up of the entire pulmonary vascular bed) 
and a resultant negative pressure and collapse of the duct. Adami** be- 
lieves that for some time after birth the ‘‘aortie tension is lowered and, 
therefore, the mean blood pressure in the body is lowered owing to the 
reduced amount of work which the heart performs after the exclusion 
of the placental circulation, and that the lowering of the mean blood 
pressure is the main factor in allowing for closure of the duet.’’ 
Schultze?® holds that closure takes place at the moment when the pres- 
sure in the aorta becomes equal to that in the pulmonary artery so that 
the blood in the ductus arteriosus stagnates. Gross’? explanation is 
based on the anatomic location of the ductus Botalli and its entrance 
into the aorta. The ductus Botalli normally enters the aorta at an 
acute angle, toward the left (Fig. 1). At birth when the aortie tension 
rises, the blood stream passes by the entering orifice because the inci- 
dence of the angle of entrance is in the same direction. If, however, 
the angle of entrance is anomalous by being more obtuse, the stream 
from the aorta is partially caught up in the orifice, and the flow through 
the ductus keeps it patent. Strassman?* deseribes a fold in the aortie 
wall at the upper border of the mouth of the duct, appearing in the 
seventh month of fetal life, which acts like a valve when the pressure 
rises in the aorta at birth. This fold, however, is not constantly pres- 
ent and, indeed, has been found present in cases of patency of the 
ductus arteriosus. 
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Persistent patent ductus arteriosus itself is not a rare congenital 
anomaly. Next to patent foramen ovale, it is the most common cardiac 
defect. Maude Abbott,?® in a series of 1,000 eases of congenital heart 
disease, found patent ductus arteriosus in 242 eases, 92 times unasso- 
ciated with other cardiac anomalies, and 150 times in association with 
other cardiac defects. Of aneurysms of the ductus she records 20 
eases, 13 of which were unassociated with other defects. Of the 92 
eases of patent ductus arteriosus found without other lesions, 20 were 
in infants and children under the age of 5 years, and 72 in later life, 
many in advanced middle age. The oldest patient was 66 years of 
age. Thus, since life is compatible with patency of the ductus, and, as 
this is not too rare a congenital cardiac anomaly, it is surprising that 
so few cases of aneurysm of the ductus are found. 
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Fig. 1.—Anterior view of the mediastinum, with heart and origin of the great 
vessels removed to show the relationship of the ductus arteriosus to surrounding 
structures. (Modified from Spalteholz, Atlas of Human Anatomy.) 


Although aneurysm of the ductus Botalli itself is a rare occurrence, 
aneurysm of the pulmonary artery associated with patent ductus is not 
infrequent. Costa,®° in 1929, found that in ‘‘46.5 per cent of all pa- 
tients with aneurysm of the pulmonary artery, congenital defects were 
present and the most common defect was persistence of a patent ductus 
arteriosus (20 per cent).’’ In 1939, Boyd and MecGavack*! reviewed 
all the cases of aneurysm of the pulmonary artery since 1833 and col- 
lected 111 cases in which diagnosis was confirmed by necropsy. Con- 
genital anomalies were present in 66 per cent but were deemed as im- 
portant etiologic factors in 43.2 per cent. Again, the most common 
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congenital defect was a patent ductus arteriosus (23 per cent). Al- 
though the most commonly proposed explanation is that the cause of 
aneurysm of the pulmonary artery is due to weakening of the wall of 
the artery at the site where the aortic blood strikes it as it flows through 
the patent ductus, Boyd claims that as patency of this passage is not 
uncommon without aneurysm, some additional lesion such as super- 
imposed infection or atheromatosis must contribute to the production 
of the aneurysm. 

The basis for aneurysmal dilatation is established with the per- 
sistence of a patent ductus. What are the factors that then operate 
to form an aneurysm? The presence of the aortic fold at the orifice of 
the ductus arteriosus deseribed by Strassman?* was also noted by 
Esser,'® and, reasoning conversely, he advanced the idea that aneurysm 
formation might take place due to the increased pressure of the blood 
entering this cul-de-sac from the pulmonary artery. Hemorrhages in 
the media of the wall of the ductus arteriosus and breaks in the intima 
of the ductus at its origin from the pulmonary artery were also found. 
This was presumed to be due to the increased pressure. 

Hemorrhages in the wall of the ductus arteriosus were similarly 
found by Fritz.*? This occurred in a newborn baby, and death oc- 
eurred from rupture of the ductus, although the vessel itself was not 
aneurysmal. There were no intimal breaks, however, and it was sur- 
mised that the hemorrhages originated in the vasa vasorum of the 
ductus. These are the only cases, however, in which hemorrhages in the 
media of the ductus have been found. In Weller’s’’ ease, a 5-day-old 
infant with aneurysm died of multiple hemorrhages, but no microscopic 
deseription of the ductus Botalli is given. 

Infection as a cause for aneurysm formation was conjectured by 
several of the early authors. The basis for this contention lay in find- 
ing omphalitis in several cases where aneurysm existed. No mention 
is made, however, of the existence of active infection at the site of the 
aneurysm. In only three instances of the twenty-nine collected cases, 
cases of Sheef,?* Roeder,!? and Hammerschlag,’® could infection be 
found to play a possible etiologic role. 

In the absence of a constant pathologie finding, the basis for dilatation 
may be sought in the inherent qualities of the ductus arteriosus itself. 
The ductus wall is poor in elastie tissue as compared with the aorta 
and the pulmonary artery, but is relatively rich in muscular elements 
which, as well as the elastic tissue, are known to undergo increase during 
the later months of uterine life.** It is this increased museularity 
which enables the walls of the ductus to contract and obliterate its 
lumen at birth when the intraluminal tension of the ductus drops. 
If, however, the factors allowing for lowering of the intraductal pres- 
sure fail to operate, and patency results, the qualitatively inferior 
walls of the ductus now become subjected to the constant pressure of 











a 
i 
a 


oa 


i 
‘ 
d 
j 





724 THE JOURNAL OF THORACIC SURGERY 


the aortic stream. Thus, being put to a stress for which it was not 
anatomically intended, aneurysmal dilatation becomes a possibility. 


REPORT OF CASE 


This is a 23-year-old white man who was referred to the Barnes 
Hospital on Aug. 4, 1942, with the tentative diagnosis of mediastinal 
tumor. 

The patient had never had any cireulatory or respiratory distress 
either in childhood or later life. There was no history suggestive of 
congenital heart disease. He was perfectly well until August, 1940, 
two years before his entrance to the hospital, when he was in an auto- 
mobile accident, in which his injuries had not been very severe. He 
suffered a blow over the lower right chest and the lumbar area. There 
were no contusions, eechymoses, or unconsciousness. He remained in 
good health following this except for slight aching in the lumbar region, 
which lasted six to seven weeks. There were no symptoms referable to 
the chest. There was no pleuritie pain. About eight months previous 
to his entrance, he began to have a recurrence of the ache in the right 
lumbar spinal area which occurred on stooping and exercise. A canvas 
corset helped him. At that time an x-ray examination of the chest 
revealed the shadow which prompted the diagnosis of tumor. 

Physical examination revealed a normal appearing young man, ap- 
parently in good health. There were no significant findings except in 
the thorax. His heart was not enlarged, and no thrill could be palpated. 
There was no diastolic murmur. A systolic murmur which was not 
transmitted could be heard at the apex. No edema, enlargement of the 
liver, or other signs of cardiae decompensation could be detected. 
Blood pressure readings in the right arm were 120/180, and in the left 
arm, 130/90. Blood pressure readings in the right leg were 145/100, 
and in the left leg 145/110. His vital capacity measured 4200 c.c. 
Kahn blood test was negative. Further laboratory studies of the blood 
and urine were within normal limits. The electrocardiogram showed 
a sinus bradycardia and sinus arrhythmia. 

Roentgen examination of the chest showed a rounded shadow in the 
region of the conus arteriosus on the left side of the heart, approxi- 
mately 6 to 7 em. in diameter, and dislocating the trachea to the right. 
X-ray films taken in the lateral view showed the mass lying posterior 
to the trachea, and extending into the posterior mediastinum, but not 
reaching to the thoracic vertebral bodies. Roentgenkymograms and 
fluoroscopy revealed slight pulsation of the left posterior margin of the 
tumor. A diagnosis of aneurysm of the ductus arteriosus was made. 

On August 7, under intratracheal cyclopropane anaesthesia, an 
operation was performed. An anterior transverse incision was made in 
the third left interspace, the second, third, and fourth costal cartilages 
were divided, and the pleura was opened. The left lung was retracted 
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and the tumor exposed. This presented itself as a bulge approximately 
the size of the top of an orange just above the region of origin of the 
pulmonary artery, and was wedged under the aortie arch. It appeared 
to be slightly pulsatile. A needle was then introduced into the mass, 
and fresh blood was aspirated under pressure. The size and inaccessi- 
bility of the mass rendered excision too hazardous a procedure, and it 
was decided to do nothing further. Consequently, the wound was 
closed and the patient returned to his room. He made an uneventful 
recovery and was discharged ten-days later. 


COMMENT 


The diagnosis of aneurysm of a patent ductus arteriosus was made 
in the ease described because of the existence of many features in 
common with the two cases previously reported. It was deemed ad- 
visable, however, to explore the patient because a positive diagnosis 
could not be made and it was feared that a mediastinal tumor might 
be overlooked. The features in common were (1) age—the ages of 
the three patients, 27, 31, and 23, were within ten years of each other, 
(2) history of trauma—this was present in two of the three cases; it 
was not felt, however, that this was a factor in the production of the 
aneurysm and probably was purely coincidental, and (3) characteristic 
position of the mediastinal mass on x-ray examination. 

It is conceivable that the aneurysm might have been of the pulmonary 
artery. Incontrovertible evidence that this was a ductus arteriosus 
aneurysm by demonstrating communications with the aorta and with the 
pulmonary artery. was not possible at the operating table. Nevertheless, 
because of the anatomic location of the aneurysm, it was felt that its 
origin in the ductus arteriosus was most probable. 


DIAGNOSIS 


The diagnosis of aneurysm of the ductus arteriosus is based almost 
exclusively on the x-ray examination. The rounded mediastinal shadow 
of the aneurysm occupies a characteristic location in the region of the 
conus arteriosus, dislocating the trachea to the right of the midline. 
In the lateral view, the tumor lies, for the most part, posterior to the 
trachea. Its position, nevertheless, is not completely within the posterior 
mediastinum. Evidence of expansile pulsation should be sought for 
on fluoroscopy and on the roentgenkymogram. The presence of pulsa- 
tion is not, however, an essential finding for diagnosis, because in the 
majority of cases this is absent. Expansile pulsation is infrequently 
demonstrable in any type of aneurysm because the aneurysmal cavity 
is enclosed by thick walls of laminated fibrin clot. Absence of pulsation, 
therefore, should not dissuade one from considering an aneurysm of the 
ductus arteriosus if the mediastinal mass occupies its characteristic 
position. A further link in evidence is the presence of a rim of calcifica- 
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tion which may be present at the periphery of the rounded tumor. 
Calcification simulating that in an aneurysmal wall may appear in other 
mediastinal tumors, particularly in the margin of a dermoid. Dermoids 
and other tumors of the mediastinum, however, may be differentiated 
by their location. Dermoids and teratomas are found almost always in 
the anterior mediastinum. Tumors of the lymphatie system (lympho- 
sarcoma, Hodgkin’s, thymie tumors) also occupy an anterior position, but 
lie in the superior mediastinum. Tumors of the posterior mediastinum 
are most frequently of neurogenic origin (neurofibromas, neuroblastomas, 
ganglioneuromas). They do not, however, lie in the region of the 
conus arteriosus. The injection of diodrast followed by x-ray films will 
probably be found helpful, although we have not used it in any of our 
cases. Blakemore*‘ in a personal communication states that he has found 
it helpful. In general, no special treatment has been used. Blake- 
more,** however, has recently modified the old procedure of electrolytic 
wiring by substituting electrothermiec coagulation. His modification 
seems to offer promise of success in suitable cases. 


SUMMARY 


The existence of aneurysm of the ductus arteriosus, although a rare 
disease of the mediastinum, is brought to attention because its presence 
is commonly ignored in a consideration of mediastinal tumors. 

Out of a total of twenty-nine cases of aneurysm of the ductus Botalli 
collected from the literature, only five cases were found occurring in 
the adult. The report of an additional case of aneurysm of this strue- 
ture in an adult, in which the diagnosis was made preoperatively, is 
presented. 

Various concepts as to the origin of patency and aneurysm formation 
in the ductus arteriosus are presented. 

It is felt that the most important feature in the diagnosis of 
aneurysm of the ductus Botalli is the characteristic location of the 
‘tumor’? on x-ray examination. 
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TOTAL PNEUMONECTOMY FOR METASTATIC 
UTERINE CARCINOMA 


Puiuie S. Brezina, M.D., anv Gustar E, Linpsxoe, M.D. 
New Haven, Conn. 


OTAL pneumonectomy for metastatie cancer in the lung is at the 
present time an uncommonly reported operation. Meyer,’ in 1920, 
performed a left pneumonectomy on a 5-year-old boy, presumably for 
lung suppuration. However, the specimen removed showed lymphosar- 
coma in addition to bronchiectasis. The patient died ten hours post- 
operatively. Since only a partial autopsy was performed, it is not 
known definitely whether this was a primary lung tumor or a metastatic 
one. Lilienthal,? in 1933, reported a case in which a left pneumonectomy 
was carried out for sarcoma, metastatic from the uterus. The patient 
died four days postoperatively. At autopsy a small sarcoma of the 
uterus was found in addition to fibroecaseous tuberculosis of the right 
upper lobe with a healing cavity. Churchill,’ in 1940, discussed the 
practicability of lobectomy and pneumonectomy for peripheral solitary 
metastatic lesions and listed one operatively successful case, a total pneu- 
monectomy. Raine,> in 1941, reported a case in which a right total 
pneumonectomy had been performed for a solitary metastatic lesion in- 
vading the right stem bronchus. The carcinoma was primary in the 
rectum. Convalescenece was uneventful. At the time of report there 
were beginning symptoms of other visceral involvement. Carlucei and 
Sehleussner,* in 1942, described a ease in which a total pneumonectomy 
was performed for malignant melanoma of the right lung. The patient 
died thirty-six hours postoperatively. In the excised specimen a tumor 
mass measuring 5 by 4 by 4 em. was noted near the hilus. On microscopic 
examination this proved to be a malignant melanoma with involvement 
of the hilar lymph nodes. The lesion was considered to be primary in 
the lung since the skin was uninvolved, and nothing remarkable was 
noted in the retinae. Unfortunately, permission for autopsy was not 
obtained so that the possibility of this having been a metastatic tumor 
was not definitely ruled out. ; 

Case Report.—J. B. (New Haven Hospital, No. B43832), a 65-year-old 
white woman was admitted to the New Haven Hospital, April 5, 1943. 
She was referred by Dr. W. T. Bronson of Danbury. Six months pre- 
viously she had noted the onset of a hacking dry cough which soon be- 
came productive of a small amount of yellowish nonodorous sputum. 
Five months before admission the sputum became blood tinged in the 
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morning, and persisted so throughout her illness. Aside from a feeling 
of tenseness in the right anterior chest and a questionable wheeze and 
hoarseness, the patient had noted no other pulmonary symptoms. There 
was no history of weight loss. The gall bladder and appendix had been 
removed eighteen years previously at a near-by hospital. Thirteen 
years previously the uterus, both tubes, and ovaries had been removed 
at another hospital, for postmenopausal vaginal bleeding. The report 
from this hospital stated that the diagnosis was carcinoma of the 
uterus, presumably made on examination of the gross specimen by the 
surgeon, since there was no pathologist at this hospital at that time 
and no microscopic sections were made. The patient’s father died of 
pulmonary tuberculosis when she was 3 years of age. Her mother died 
of cancer of the throat. 

Physical examination revealed a 65-year-old woman who appeared 
neither acutely nor chronically ill. There was no dyspnea. The tem- 
perature was 100.2° F., pulse 80, respirations 20, and blood pressure 
194/96. The upper jaw was edentulous; there were eight remaining 
teeth in the lower jaw which were in good repair. The trachea was 
deviated slightly to the right. There was a minimal decrease in the 
anterior-posterior diameter of the right chest with a slight inspiratory 
lag of the right hemithorax. The left lung was clear to percussion and 
auscultation throughout. There was dullness to percussion over the 
right chest anteriorly from the third rib to the base, and posteriorly 
as far as the midaxillary region. The heart was shifted somewhat to 
the right and there was a harsh apical systolic murmur. There were 
well-healed right upper quadrant and suprapubic sears, but no palp- 
able abdominal masses. The cervix, corpus uteri, and adnexae were 
not palpable. The fingernails and toenails showed moderate clubbing, 
and at times slight cyanosis. 

The blood counts and urinary findings were within normal limits and 
the Kahn test was negative. Nose, throat, and sputum cultures showed 
no unusual flora. The nonprotein nitrogen was 29. An Aschheim- 
Zondek test was negative. The initial chest roentgenogram showed 
scoliosis of the dorsal spine with the convexity to the left, and slight 
elevation of the right diaphragm. In the right mid-lung field extend- 
ing from the hilus anteriorly and laterally was a roughly spherical 
area of sharply delimited opacity measuring 9 em. in diameter. In the 
lateral projection there was a suggestion of adherence of this mass to 
the anterior chest wall. The surrounding lung parenchyma was not 
remarkable. The cardiac silhouette was enlarged in both diameters. 
The roentgen diagnosis was carcinoma of the right upper and middle 
lobes. Laminographie studies: showed narrowing of the lumen of 
the right upper lobe bronchus, and an oval area of opacity measuring 
3 by 2.5 em. between the upper lobe bronchus and the intermediate 
bronchus, which was thought to represent a metastatic hilar node. 
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Diagnostic bronchoscopy was carried out on April 10, 1948. This 
revealed puckering of the mucosa around the right upper lobe bron- 
chial opening, with heaping up of the submucosal tissue just proximal 
to this. Biopsy of this area did not reveal tumor. On April 12, 1943, 
a right pneumothorax was instituted. Roentgenographic examination 
of the chest after this procedure revealed complete collapse of the 
right upper lobe with no evidence of adherence to the parietal pleura. 
An electrocardiogram, on April 15, 1948, showed sino-auricular tachy- 
cardia, slight left axis deviation, low voltage in all leads, and diphasie 
T waves. 





Fig. 1.—Chest roentgenogram demonstrating a sharply delimited area of opacity in 
the right mid-lung field. 


On April 17, 1948, a right total pneumonectomy was carried out 
under intratracheal cyclopropane and ether anesthesia (G. E.L.). The 
lung was not adherent to the chest wall and there were no recognizably 
enlarged mediastinal nodes. The postoperative course was uneventful 
except for recurring paroxysmal auricular fibrillation. The wound 
healed per primum and the patient was discharged from the hospital 
in good condition on May 23, 19438, the thirty-sixth postoperative day. 


Pathology.— 

Gross: The specimen consisted of the entire right lung. Inspection 
of the specimen externally revealed the upper lobe to be the site of a 
large firm tumor mass. The pleural surface was not remarkable except 
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for the dorsolateral aspect of the upper lobe, where it was firm, rubbery, 
pinkish-gray, smooth, and somewhat thickened. Examination of the 
hilus revealed a few small anthracotie lymph nodes. The main bronchi 
were dissected. At a distance 2 em. distal to the orifice of the right 
upper lobe bronchus, and in what was presumably the dorsal segment of 
this bronchus, was seen an opaque, yellowish-gray, fusiform tumor mass, 
completely filling the bronchus distally and coming to a sharp point 
proximally. The right middle lobe of the lung was displaced downward 
and laterally, but there was no frank evidence of involvement of this 





: Fig. 2.—Gross specimen with the upper lobe sectioned in the coronal plane. The 
— nature of the tumor is apparent impinging below on the horizontal 
ssure. 


lobe with tumor. Upon opening the right upper lobe, a well-cireum- 
scribed mass 9.5 em. in greatest diameter was noted. This was com- 
posed of a papillomatous, yellowish-gray tissue, with evidence of recent 
hemorrhage in some areas. This was for the most part opaque and 
necrotic, although there were a few viable areas. The tumor was well 
demarcated and had a very thin capsule which was presumably the 
condensation of surrounding lung tissue. Cut sections of the remain- 
ing lobes of the lung revealed no other tumor masses. 
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Microscopic: Sections of this tumor mass showed it to have a well- 
formed capsule of fairly mature fibrous connective tissue. The tumor 
mass per se was for the most part necrotic, although scattered through- 
out this necrotic material numerous glands of varying sizes and shapes 
were noted. These had an epithelial lining composed of numerous layers 
of columnar epithelium with oval and round vesicular nuclei and a 
syneytial type of faint, pink-staining cytoplasm. A moderate number 
of mitoses was seen. In some areas the cell lining was only one layer 
thick. The lumina of these glands were for the most part filled with 





Fig. 3.—Photomicrograph of representative section from the tumor. 


necrotic debris in which were partially degenerated white cells. The 
surrounding lung parenchyma showed some interstitial fibrosis with 
thickening of the alveolar walls and a minimal small round-cell infiltra- 
tion. A section of the lower lobe showed no evidence of tumor. Sections 
of the plug of material extending into the bronchus adjacent to the 
tumor shuwed it to be made up of amorphous debris. Sections of the 
hilar lymph nodes showed infiltration with anthracotic pigment. There 
was no evidence of tumor in these nodes. 
Diagnosis: Adenocarcinoma of uterus, metastatic to right upper lobe 
of lung. 
SUMMARY 


A report is presented of a 65-year-old white woman who was sub- 
mitted to right total pneumonectomy for a discrete tumor of the right 
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upper lobe. A subtotal hysterectomy and bilateral salpingo-oophorectomy 
had been performed thirteen years previously for vaginal bleeding, and 
a gross diagnosis of uterine carcinoma was made. Recent cough and 
blood-tinged sputum caused the patient to seek medical help. The pa- 
tient recovered from the operative procedure.* The removed lung showed 
a solitary metastasis of uterine adenocarcinoma. 
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*When last seen, Sept. 29, 1943, the patient was in good general condition, The 
blood pressure was 180/110, pulse 102, respirations 24. There had been no recurrence 
of fibrillation. There was. slight dyspnea on exertion but there were no signs of 
congestive failure. The left lung was clear. Abdominal and pelvic examinations 
were negative for tumor recurrence. 














THE MORPHOLOGY OF PRIMARY CARCINOMA OF THE 
HUMAN LUNG 


SUMMARY AND DISCUSSION OF THE PatHoLoGgic ANATOMY IN 45 CASES 


R. M. Mutuiean, M.D., ANp Frep R. Harper, M.D.* 
DENVER, COLO. 


[* LOS ANGELES, in 1938, at the meeting of the American Associa- 
tion for Thoracic Surgery, the confusion regarding the classification 
of chest tumors was stressed by Brunn! and by others. As a result of 
the discussion, a registry for chest tumors was established. This registry 
was sponsored by the American Association for Thoracic Surgery which 
collaborated with the Army Medical Museum. The purpose of the 
registry was to collect as many chest tumors as possible for study and 
classification. We have had the privilege of examining histologically 
most of the tumors registered. The interest aroused by this study 
prompted us to review the necropsies of lung carcinoma at the 
Colorado General Hospital with the object of adding to the material on 
record and of throwing some light on the origin of these neoplasms. 
The cases from the Chest Tumor Registry have not been included in 
this review, but many of the ideas derived from studying them are 
ineorporated in the text of this communication. 


REVIEW OF THE LITERATURE 


A vast amount of literature is available to any investigator who con- 
cerns himself with primary carcinoma of the human lung. The number 
of articles on this subject is so large that no attempt will be made in 
this communication to list more than a few of the contributions which 
have appeared in the past several years. For the earliest inclusive 
compilation of data, the reader is referred to the classical manuscript 
of Passler? published in 1896. A thorough review of primary car- 
cinoma of the lung up to 1931 was excellently written by Fried.* Fris- 
sell and Knox‘ collected the papers between 1930 and 1937 and analyzed 
46 cases of their own. No slight is intended by omitting articles, reviews, 
and books by other workers in this field. A clear comprehension of 
primary carcinoma of the lung, including an extensive bibliography, can 
be gained by a perusal of these references. 

Stein and Joslin® analyzed 164 cases of carcinoma of the bronchus. 
One hundred of these patients were examined at necropsy, 21 had bron- 
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choseopie biopsies, 13 had biopsies of other tissues, and the remaining 33 
had clinical and roentgenologie evidence of the disease. 

A clinical and pathologie study of 100 cases of primary carcinoma of 
the lung by Koletsky® correlated the cell type of the neoplasm (squamous 
cell carcinoma, adenocarcinoma, small cell carcinoma, and carcinoma 
simplex) with the mode of growth and dissemination and with the 
clinical behavior and prognosis. 

D’Aunoy, Pearson, and Halpert’ divided 74 cases of carcinoma of the 
lung observed at autopsy into three types, squamous cell (37), columnar 
cell (16), and reserve cell (21). 

Rabinovitch, Hochberg, and Lederer® contributed a histopathologic 
study of 40 necropsies of primary (bronchiogenic) carcinoma of the 
lung. 

The incidence of primary carcinoma of the lung in the autopsy 
protocols of Yale Medical School from 1917 to 1937 was determined by 
Rosahn.® By the application of statistical methods to carcinomas of 
the lung and of other sites, this author concluded that there was an 
absolute increase in pulmonary carcinoma in this autopsy material over 
the period of twenty years. 

Macklin and Macklin’® attempted to answer the question, ‘‘Does 
chronic irritation cause primary carcinoma of the human lung?’’ They 
concluded that chronic bronchitis, bronchiectasis, asthma, emphysema, 
pulmonary abscess, pleural effusion, influenza, tuberculosis, pneumonia, 
war gassing, silicosis, asbestosis, pneumonoconioses, tarring of roads, 
roentgen rays, tobacco smoke, motor exhaust fumes, and mining in the 
Schneeberg district have not been proved as causes of carcinoma of the 
lung. Their final words were, ‘‘It is therefore impossible to assign to 
any extrinsic factor an absolute role in carcinogenesis in any individ- 
ual ecase.”’ 

Maher and Staderman”™ reviewed 30 cases of bronchogenic carcinoma 
which were verified histologically. 

A statistical review by Ochsner and DeBakey’ of carcinoma of the 
lung included the reported cases and the patients treated by pneu- 
monectomy. 

By a statistical analysis of 517 cases of bronchiogenie carcinoma culled 
from 33,945 autopsies in the Pacific Northwest between 1920 and 1940, 
Menne and Anderson** were able to demonstrate an absolute increase in 
the incidence of the disease. 

Adams, Steiner, and Bloch™ discussed malignant adenoma, or car- 
cinoma-like tumors, of the lung which had a long clinical course. They 
described 5 patients, 3 females and 2 males, in whom the duration of 
these tumors varied from 2 to 15-years. 

King and Ford” presented 100 cases of carcinoma of the lung observed 
at complete autopsy, including an examination of the nervous system. 
These cases were studied clinically and anatomically to determine the 
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neurologic conditions resulting from metastases of primary carcinoma 
of the lung to the central nervous system. The largest number of 
eases was in the fifth and sixth decades. Eighty-eight were in males; 
12 were in females. Sixty-eight were white patients; 32 were colored. 
Of the 100 cases, 27 patients had metastatic deposits in the central 
nervous system. This figure agreed well with other analyses quoted 
from the literature. 

Neubuerger and Geever’® collected the cases of alveolar cell tumor 
of the human lung and divided them into three groups: accepted cases, 
controversial cases, and primary pulmonary tumors with some charac- 
teristics of alveolar cell tumor. The criteria for classifying a malig- 
nant neoplasm of the lung as an alveolar cell tumor were outlined. 


NATURE OF MATERIAL STUDIED 


In the present study of 45 cases of primary carcinoma of the human 
lung, 39 were taken from the autopsy files of the Colorado General 
Hospital, 1 was that of a surgical patient in the same institution, and 
5 were necropsied at other institutions in Colorado. The 39 cases 
represented 0.95 per cent of the 4,100 autopsies performed at the Colo- 
rado General Hospital between October, 1924, and October, 1942. Of 
the 45 eases, 38 were in males; 7 were in females. The age of 36 males 
varied between 26 and 81 years, with an average of 55.6 years. The 
age of the 7 females varied between 19 and 65 years, with an average 
of 41.7 years. The age range for the 43 patients whose ages were 
known varied between 19 and 81 years, with an average of 53.3 years. 
The number of cases by decades was: second, 2; third, 1; fourth, 1; 
fifth, 9; sixth, 20; seventh, 4; eighth, 4; and ninth, 2. Forty-four of 
the patients in these cases were members of the white race and one was 
a member of the yellow race. The age and sex incidence in this series 
of cases agrees substantially with other figures found in the literature. 


INTRODUCTORY DATA 


The direct cause of death in 44 cases was the carcinoma in 38; the 
carcinoma and silicosis, in 2; the carcinoma and bronechopneumonia, in 
2; bronchopneumonia, in 1; and bacteremia, in 1. The lung carcinoma 
would be expected to be the direct cause of death in the largest number 
of cases. In the two instances in which the lung carcinoma and silicosis 
coexisted, the silicosis alone was extensive and disabling. In the two 
eases in which the lung carcinoma and bronchopneumonia were re- 
sponsible for death, the bronchopneumonia was widespread. This was 
true in the one case in which bronchopneumonia was the direct cause 
of death. This was a woman, aged 58 years, who had an unsuspected 
adenocarcinoma of the left lower lobe, 3 em. in diameter, with metas- 
tases to the meninges and brain (Fig. 9). The patient with bacteremia 
(following abortion and metritis) was a female, aged 19 years, who 
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had a squamous cell carcinoma, 1 em. in diameter, in the right middle 
lobe, but no other carcinoma in the body. 


In 28 autopsies the number of hours after death when necropsy was 
performed was 1 to 10 in 15; 11 to 20, in 9; 21 to 25, in 2; and 40 and 
49 hours in each of 2 cases. The number of hours after death until 
necropsy was known in 8 eases from which 13 tissue sections were 
chosen for photomicrographs. For 10 of the 13 sections, the time after 
death until autopsy was 1 to 10 hours; 15 hours for 2; and 16 hours 
for 1. Thus a direct correlation existed between the good preservation 
of tissue sections and the number of hours after death when necropsy 
was done. 

In 22 cases the weight and height were recorded at post-mortem 
examination. The average age of these patients was 54.7 years. The 
weight varied between 75 and 286 pounds with an average of 117.26 
pounds. The height varied between 157 and 184 em. with an average 
of 173 em, 

GROSS PATHOLOGIC FINDINGS 


The distribution of the primary neoplasm in 44 cases was: right upper 
lobe, 8; right middle lobe, 2; right lower lobe, 5; right main bronchus, 5; 
left upper lobe, 6; left lower lobe, 7; left main bronchus, 8; right and 
left main bronchi, 2; and bilateral nodular, 1. The size of the primary 
neoplasm was known in 22 eases. In 9 the size varied from 1 to 5 em.; 
in 11, from 6 to 10 em.; and in 2, from 11 to 15 em. 


In 16 cases the weights of the right and left lungs were recorded. The 
weight of the right lung varied from 250 to 1,520 Gm. with an average 
of 793 Gm. The weight of the left lung varied from 290 to 2,020 Gm. 
with an average of 822 Gm. The primary tumor was in the larger lung 
in 11 cases; in the smaller lung, in 3; and in both lungs, in 2. In 8 addi- 
tional cases the combined weight of the lungs was noted. In the 24 eases, 
the combined weight of the lungs ranged from 575 to 2,580 Gm. with an 

" average of 1,637 Gm. 

In the literature the right lung is more often the site of the primary 
carcinoma than is the left lung. This series showed practically an even 
distribution between the two lungs, for the total number of primary 
lesions in the right lung was 20; in the left lung, 21; and in both lungs, 
3. However, the number of cases was too small for statistical conelu- 
sions. No definite relation between the size of the primary neoplasm 
and the type of cell composing it was found. The average combined 
weight of the lungs was approximately 1,000 Gm. more than normal. 
The tumor and the many secondary changes accounted for the greatest 
part of this increased weight. 

A eareful gross examination of the lungs should be made to establish 
the exact origin of the primary tumor. Judicious selection of material 
for histologic sections cannot be too strongly urged, even if this might 
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mar some of the features of the gross specimen. The cell type of a 
primary carcinoma of the lung is most accurately determined by care- 
ful histologic analysis of the tumor at the primary site, for the metas- 
tases may be deceiving, may fail to mimic the primary neoplasm, or 
may resemble other cell types. 


HISTOLOGIC CLASSIFICATION 


The histologic classification, based on the study of these 45 cases and 
of about 50 cases of lung carcinoma from the Chest Tumor Registry, 
was as follows: 

I. Squamous Cell Carcinoma 14 


II. Adenocarcinoma 
A. Arising from bronchial epithelium 


1. Mucinous 3 
2. Nonmucinous 7 
B. Arising from bronchial glands 1 
III. Undifferentiated Carcinoma 
A. Oat cell type 10 
B. Polymorphous cell type 5 
C. Round cell type 3 
IV. Alveolar Cell Tumor 
A. Nodular 1 
B. Diffuse u 
: Total 45 


Squamous cell carcinoma arising from bronchial epithelium is the 
result of the replacement of one or more areas of normal pseudo- 
stratified ciliated columnar epithelium by patches of stratified squamous 
epithelium which subsequently undergo malignant change. This has 
been discussed by many authors. The histologic evidence in the 14 
eases studied supports this view (Figs. 1 and 2). No attempt was made 
to grade the squamous cell carcinomas, although pronounced increase in 
anaplasia was observed in some of them. The large polyhedral squamous 
cells have abundant acidophilic cytoplasm with and without prickle 
borders. The nuclei are large and round or oval. The nuclear chromatin 
is not abundant and the strands of chromatin are light, giving the 
nucleus a vesicular character. One or more acidophilic nucleoli may be 
present. Mitotic figures may or may not be noted in appreciable num- 
bers. Epithelial pearls may be found in the more differentiated squa- 
mous cell carcinomas. The growth of the neoplastic cells occurs usually 
in broad sheets which invade directly or by way of the lymphaties, and 
sometimes by way of the blood stream. These cells may be found in 
alveoli, but ordinarily in solid masses, and not closely applied as a 
pseudolining to the walls of the alveoli. Wide areas of necrosis (Fig. 
3) may be seen in the pririary neoplasm because of the large bulk at- 
tained by some of these growths. 

The assumption, frequently made, that bronchial adenocarcinoma 
arises from the bronchial glands was not borne out by the study of the 
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Fig. 1.—Bronchial squamous cell carcinoma. Note bronchial glands involved, lumen 
in upper left corner, and bronchial cartilage at bottom. (X50.) 








Fig. 2.—High power of Fig. 1. Lumen at top. ( X600.) 
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10 cases in this series, nor of the cases of lung carcinoma from the 
Chest Tumor Registry of the Army Medical Museum. Rather; the 
origin of the largest number of adenocarcinomas is from the cells of 
the bronchial epithelium, either mucin-producing or nonmucin-produc- 
ing, which have taken on neoplastic tendencies. Histologically the 





Fig. 3.—Damaged neoplastic cells, bronchial squamous cell carcinoma. surrounded by 
wide zones of necrosis. Area from primary tumor. ( X70.) 


adenocarcinomas (Figs. 4, 5, 6, and 7) take the form of atypical glan- 
dular structures of different sizes and shapes. The cells may be low 
columnar or high columnar and may have a pseudostratified arrange- 
ment. The cytoplasm is acidophilic. The nuclei are oval or elongated. 
The nuclear chromatin net is fine and abundant. Nucleoli may or may 
not be present. Mitotic figures are usually not numerous. In areas of 
the primary tumor and of the metastases, these cells may assume a 
solid, trabeculoid pattern. Thin, well-vascularized connective tissue 
partitions are set between the cell columns. At the same time each cell 
retains its own characteristics. Squamous metaplasia may be seen 
among groups of tumor cells in both the primary tumor and in the 
metastases. The cells of an adenocarcinoma may be discovered lining 
alveoli. Blood vessels and lymphatics in the lungs and in organs, the 
sites of metastases, may also be lined by these cells. For this reason it 
is important to establish carefully the exact primary site of this type 
of lung carcinoma, so that confusion with alveolar cell tumor may be 
avoided. Necrosis is not as common in adenocarcinoma as in squamous 
cell carcinoma. Adenocarcinoma has a propensity for metastasizing 
by way of the blood stream,® and, not infrequently, to the brain (Figs. 
8 and 9). 
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A special type of adenocarcinoma, which apparently does originate 
from the bronchial glands and which has gained more prominence in 
recent years, has been ably elaborated by Adams, Steiner, and Bloch." 





Fig. 4.—Bronchial adenocarcinoma, lumen at top. ( X50.) 
Fig. 5.—High power of upper left corner of Fig. 4. ( x20.) 





Fig. 6.—Bronchial adenocarcinoma, lumen at top. Bronchial cartilage in lower left 
corner. (X50.) 
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Fig. 7.—High power of Fig. 6, lumen at top. Note anaplasia of bronchial epithelium 
at left in contrast with relatively unchanged epithelium at right. (x600.) 





Fig. 8.—Adenocarcinoma metastasis at right. Damaged brain at left. (X200.) 


Fig. 9.—Adenocarcinoma metastasis in perivascular space of brain arteriole. 
(x 600.) 
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Several examples of these slow-growing tumors have been seen in the 
material of the Chest Tumor Registry of the Army Medical Museum 
reviewed by the authors in the past few years. These neoplasms arise 
locally in the bronchi and the first biopsy is often diagnosed as adenoma, 
although this opinion is changed by repeat biopsies, surgical material, 
or necropsy. The long clinical course and the temporary relief of 
symptoms by local removal give a false sense of security. More and 
more investigators who have seen such cases are inclined to recommend 
lobectomy or pneumonectomy for these lesions. One example of this 
type is included in the adenocarcinomas in this series. The patient was 
a woman, aged 40 years, who had had a pulmonary history for ten 





Fig. 10.—Slow-growing adenocarcinoma arising from bronchial glands. ( X50.) 
Fig. 11.—High power of Fig. 10. ( 350.) 


years. The lesion was originally diagnosed elsewhere as an adenoma, 
but biopsies in the last year were called adenocarcinoma. The latter 
diagnosis proved to be correct at autopsy which revealed a 5 em. 
lesion (Figs. 10 and 11) in the right main bronchus and metastases in 
the left lung. The irradiation pneumonitis mentioned in the summary 
of secondary changes in the lungs was found in this patient, who had 
received irradiation by radon seeds and deep x-ray. Some similarity 
exists between the behavior of mixed tumors of the salivary glands"’ 
and these slow-growing adenocarcinomas of the bronchi. On the basis 
of the histologic study of eleven cases, Womack and Graham’? pre- 
sented evidence that so-called bronchial or pulmonary adenoma is ac- 
tually a mixed tumor derived from entoderm and mesoderm through 
embryonic faults in the development of the lungs. They also pointed 
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out that invasion and metastasis may be frequent in those mixed 
tumors of the lung in which epithelial elements preponderate. They 
recognized the similarity of the behavior of these tumors of the lung 
to that of mixed tumors of the parotid gland. In three of nine patients 
operated on for congenital cystic disease of the lung, Womack and 
Graham”? demonstrated foci of localized epithelial overgrowth in the 
resected lung tissue. In a subsequent publication?’ they described 
four eases of primary cancer of the lung in which associated develop- 
mental pulmonary abnormalities of different types were found. 





Fig. 12.—Undifferentiated bronchial carcinoma, oat cell type. (X50.) 
Fig. 13.—High power of Fig. 12. Note mitotic figures. (x600.) 


Undifferentiated bronchial carcinoma may be divided into the three 
types indicated or more types may be added. In the 18 cases in this 
series, only these three types were found. A simplification of the cell 
types of undifferentiated bronchial carcinoma was proposed by 
D’Aunoy, Pearson, and Halpert’ by applying the inclusive term, ‘‘re- 
serve cell carcinoma.’’ These authors traced the origin of this type to 
entoderm and stated that the different cell types seen in lung car- 
cinomas come about as a result of varying degrees of differentiation 
of the entoderm. 

The oat cell type of undifferentiated bronchial carcinoma is readily 
recognized (Figs. 12 and 13). The elongated, heavily chromatinized 
nuclei are surrounded by a scanty basophilic cytoplasm. The cell body 
is spindle shaped. Mitotic figures are numerous. The cells are usually 
arranged in streamed whorls or bundles set in a relatively smali 
amount of connective tissue stroma. A section of the tumor parallel 
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to the long diameter of these whorls is necessary, for, if they are cut 
tangentially or in cross section, the impression that they are round or 
oval cells may be erroneously gained. The oat cell may lose ‘its stream- 
lined characteristics where expansion of its growth is easy, such as in 
blood vessels, lymphatics, or loose tissue spaces. In some of the metas- 
tases the cells may acquire the characteristics of squamous cells (Fig. 
14). Areas of necrosis may be found. This type of cell may represent 
reversion to entoderm with subsequent differentiation, but on the other 
hand, it may spring from the columnar cells of the normal mature 
bronchial epithelium through their aberrant development. In one ease 





Fig. 14.—Squamous metaplasia in liver metastasis. Same case as Fig. 12. ( 600.) 
Fig. 15.—Squamous metaplasia, bronchial epithelium. (x 200.) 


with this cell type, in which the tumor arose diffusely from the right 
main bronchus, a routine section taken through the left main bronchus 
showed five areas of squamous metaplasia (Fig. 15). At least in this 
patient, whose history was unfortunately incomplete, some agent was 
acting diffusely on the bronchial epithelium. 

The polymorphous cell type is the most bizarre of the undifferen- 
tiated bronchial carcinomas. The cells have abundant acidophilic 
eytoplasm and large irregular nuclei (Fig. 16). The chromatin is ar- 
ranged in ropy strands or in fine nets. Large acidophilic nucleoli are 
prominent. Multinuclear tumor cells or amitotic figures are a most 
striking feature of this cell type, although mitotie figures may be seen. 
The cells are arranged in a loose syncytial network, an appearance im- 
parted by the irregular borders of the cytoplasm. One might argue 
that such a cellular pattern can be found in any tumor, the eells of 
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which have been injured; for example, by anoxemia or irradiation. 
However, the histologic characteristics described are evident in this 
cell type in the absence of any such damage. No attempt to explain 
the histogenesis of this cell type is offered except that bronchial epi- 
thelium may be capable of giving rise to such an anaplastic growth 


(Fig. 17). 





Fig. 16.—Undifferentiated bronchial carcinoma, polymorphous cell type. ( X600.) 
Fig. 17.—Low power of Fig. 16, lumen in upper left corner. ( X50.) 


The round cell type of undifferentiated bronchial carcinoma prob- 
ably has its origin in the round cells of the basal layer of the bronchial 
epithelium. These cells have a superficial resemblance to lymphocytes, 
but on close examination, are quite different from and more undifferen- 
tiated than lymphocytes. The nuclei are round; the chromatin net is 
fine and abundant. Nucleoli are present, but are inconspicuous. The 
cytoplasm is basophilic. The general character of these cells is remi- 
niscent of the basal cells of the epidermis of the skin. Mitotic figures 
are frequent. The tumor cells grow in solid infiltrating masses and are 
loosely set near each other (Figs. 18 and 19). 

One of the two cases of alveolar cell tumor in this series has been 
reported in detail by Neubuerger.'* By eliminating origin of a lung 
carcinoma from the bronchial tree by gross examination and by ex- 
eluding other primary tumors in the body, the characteristic lining of 
alveoli by the tumor cells in the nodular or the diffuse pattern is con- 
spicuous in this tumor type. The cells are cuboidal or low columnar. 
The cytoplasm is acidophilic and plentiful. The nuclei are large, 
round or oval, and heavily chromatinized (Fig. 20). Cells derived 
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from the tumor lining cells are often found in the lumen of the alveoli 
affected. In metastatic lesions these cells exhibit a decided tendency 
to line blood vessels and lymphaties. 


EXTENSION AND METASTASES 
In 44 cases the extension of the lung carcinoma was to the pleura on 


the same side in 14, to the pericardium in 7, to the trachea in 3, to the 


superior vena cava in 1, to the esophagus in 1, and to the aorta in 1. 





Fig. 18.—Undifferentiated bronchial carcinoma, round cell type. ( X50.) 
Fig. 19.—High power of Fig. 18. (<600.) 


In 42 cases the metastases in order of frequency were as follows: 
(a) lymph nodes, 54—mediastinal 34, mesenteric 12, periaortie 4, cer- 
vieal 2, retroperitoneal 1, and axillary 1; (b) liver, 21; (¢) adrenals, 
19—right 2, left 2, and bilateral 15; (d) kidneys, 11—left 2, and bilat- 
eral 9; (e) opposite lung, 9; (f) ribs, 8; (g) vertebrae, 7; (h) spleen, 
7; (i) pancreas, 6; (j) heart, 5; (k) small intestine, 5; and (1) peri- 
toneum, 4. Three metastases each were present in the opposite pleura, 
in the thyroid, and in the diaphragm. ‘Two metastases each were seen 
in the ovaries and in the gall bladder. The urinary bladder, the stom- 
ach, the colon, the chest wall, the parotid gland, the skin, and the 
sternum were each the site of one metastasis. 

In 18 eases, in which the cranial cavity was examined, metastases 
were discovered in the brain in 10, in the meninges in 2, and in the 
pituitary gland in 2. In one of the 8 brains without metastases was an ab- 
seess of the right thalamus. Multiple lung abscesses were also found 
in this case. In the 13 cases in which the weight of the brain was 
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noted, the range was 1,205 to 2,050 Gm. and the average was 1,527 Gm. 
Of these 13, the average weight of the 8 with metastases was 1,570 Gm. 
and the average weight of the 5 without metastases was 1,458 Gm. The 
size of the metastases varied from 1 to 7 em. 

The metastases could not be significantly related to the type of pri- 
mary neoplasm, because of the small number of cases in each group. 
The frequency of involvement of the sites affected by metastases is 
about like that found by others. An increase in the number of metas- 
tases to the brain, meninges, and pituitary might have been observed if 
the cranial cavity had been examined more often. 





Fig. 20.—Alveolar cell tumor, diffuse type. Alveolus lined by and filled with tumor 
cells. (X350.) 


SECONDARY CHANGES IN THE LUNGS AND THE PLEURAE 


Several kinds of secondary changes were found in the lungs of 31 of 
the 45 patients, usually more marked in the lung which was the seat 
of the primary neoplasm. These alterations included: bronchopneu- 
monia in 20, bronchiectasis in 10 (suppurative in 4 and nonsuppurative 
in 6), organizing pneumonia in 6, pulmonary edema in 4, pulmonary 
hemorrhage in 4, lipoid pneumonia in 4, multiple abscesses in 4, com- 
plete atelectasis in 3, silicosis in 3, solitary abscesses in 2, pulmonary 
infarets in 2, pulmonary artery thrombosis in 1, and irradiation pneu- 
monitis in 1. No significant secondary changes were present in the 
lungs of the remaining 14 cases. 

Bronchopneumonia was of varying severity and widespread in only a 
few eases. Five of the 10 cases in patients with bronchiectasis, 4 of the 
6 with organizing pneumonia (Fig. 21), and 4 of the 6 with solitary or 
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multiple abscesses were associated with squamous cell carcinoma. This 
may be because of the tendency for slow bulky local growth of the pri- 
mary neoplasm which is highly obstructive and leads to the puddling 
of secretions and bacteria in the bronchial tree distal to the block. 
Lipoid pneumonia is not used in the sense of being exogenous in origin. 
Rather, the changes seen (Fig. 22) are more consistent with an ‘‘en- 
dogenous’”’ lipoid pneumonia in which oceurs breakdown of essential 
lung parenchyma through long-standing inflammation. The lipids re- 
leased from the dead parenchymal cells are then engulfed by the 
mobilized alveolar lining cells which then congregate in the lumens of 
the alveoli. In the 3 cases of pulmonary silicosis the mediastinal lymph 
nodes were affected. A striking fact was the absence of pulmonary 





Fig. 21.—Organizing pneumonia. Alveolar exudate pierced by capillaries. (x 200.) 
Fig. 22.—Lipoid pneumonia; alveolar lining cells and foamy macrophages. ( 200.) 


tuberculosis in any of the cases, since tuberculosis of the lungs is con- 
sidered by some authorities to be an etiologic factor in lung carcinoma. 
Healed foci of pulmonary tuberculosis may have been overlooked, be- 
cause of the overshadowing presence of the tumor. The other second- 
ary changes in the lungs are listed for completeness. 

In 44 cases, pleural adhesions (or fibrous pleuritis) were found on 
the right side in 7, on the left side in 10, and bilateral in 14. Where 
the adhesions were on one side only, they were on the side of the pri- 
mary neoplasm in 15 of the 17 cases. In the remainder of the 44 cases, 
10 had smooth pleural cavities and 3 had bilateral fibrinous pleuritis. 

In 44 eases, hydrothorax was present in 17 and absent in 27 eases. 
Of the 17 cases, the effusion was on the right side in 5, on the left side 
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in 5, and bilateral in 7. In one ease the fluid was hemorrhagic. The 
amount of fluid varied from 100 to 5,000 ¢.c. with an average of 700 c.c. 
In 7 of the 10 cases in which the effusion was unilateral, the primary 
neoplasm was on the affected side. 


CHANGES IN OTHER ORGANS 


The weight of the heart and the average thickness of the right ven- 
tricle were noted in 24 eases. The hearts varied in weight from 200 to 
535 Gm. with an average of 332 Gm. Seven weighed between 200 and 
300 Gm.; 13, between 300 and 400 Gm.; 3, between 400 and 500 Gm.; and 
1, between 500 and 600 Gm. The thickness of the right ventricle varied 
from 3 to 10 mm. with an average of 5 mm. Thirteen right ventricles 
were 1 to 4 mm. thick; 9 of them were 5 to 9 mm.; and 2 of them 10 
mm. each. These figures indicate a probable significant average hyper- 
trophy of the right ventricle, found in other conditions in which the 
pulmonary vascular bed is reduced, thus leading to work hypertrophy 
of the right ventricle in overcoming the increased resistance. 
Hydropericardium was seen in 7 of 42 cases. The amount of fluid 
present in the pericardial sae varied from 100 to 300 ¢.c. with an aver- 
age of 210 ec. In only 2 of the 7 cases had the primary lung ear- 
cinoma extended to the pericardium. 

The weight of the liver in 29 cases varied from 890 to 5,015 Gm., 
with an average of 2,014 Gm. Seventeen of these livers had metas- 
tases and weighed from 1,185 to 5,015 Gm. with an average of 2,380 
Gm. The 12 livers without metastases varied from 890 to 2,540 Gm., 
with an average of 1,496 Gm. The size of the liver metastases varied 
from 1 mm. to 7 em. 


OTHER PRIMARY TUMORS 


Of 42 patients, 4 had other tumors in the body. The first case showed 
2 benign polyps of the sigmoid colon; the second, a neurinoma of the left 
acoustie nerve; the third, a chondrofibroma of the right lung; and the 
fourth, a fibroleiomyoma of the esophagus. 


MISCELLANEOUS CONDITIONS 


Several miscellaneous conditions in 42 cases included: silicosis of 
the mediastinal lymph nodes in 5, ascites ranging between 200 and 
2,000 ¢.c. in 4, chronic passive congestion of the liver in 3, fibrous peri- 
carditis in 3, healed tuberculosis of the mediastinal lymph nodes in 3, 
syphilitic aortitis in 2, peptic ulcer in 2, chronic suppurative cystitis in 
2, thrombosis of the right jugular vein in 1, multiple mural thrombosis 
of the aorta in 1, and mural thrombosis of the right auricle in 1. 


The 5 eases of silicosis of the mediastinal lymph nodes were in addi- 
tion to the 3 patients who had silicosis of both the lungs and the 
mediastinal lymph nodes. In the routine post-mortem examination of 
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persons dying in Colorado from other diseases than lung carcinoma, 
silicosis of the mediastinal lymph nodes has been found in several in- 
stances. The impression has been gained that this condition may be 
more frequent in dry dusty climates, for the patients affected were not 
engaged in hard rock mining or in dusty trades. The presence of 
chronie passive congestion of the liver in so few cases indicates that 
cardiac embarrassment was not so severe as in primary heart disease 
of different types. The surprisingly small number of cases with healed 
tuberculosis of the mediastinal lymph nodes may be explained by the 
presence of tumor metastases which probably obscured healed tubercles. 
The chronic suppurative cystitis in 2 cases was due to metastases to 
the vertebrae with involvement of the spinal cord by pressure with 
resultant dysfunction of the bladder. One of these also had metastases 
in the bladder wall. When chronic suppurative cystitis is found with- 
out an obvious explanation, particularly in the presence of a tumor 
prone to metastasize to bone, an examination of the vertebral column 
and the spinal cord should be earried out. 


SUMMARY 


A eareful study of the pathologie anatomy of 45 eases of primary 
carcinoma of the human lung from the autopsy files of the Colorado 
General Hospital, together with a review of about the same number of 
similar cases from the Chest Tumor Registry, has allowed the formula- 
tion of the following statements. 

1. Primary carcinoma of the lung was responsible for the death of 
slightly less than 1 per cent of all persons autopsied at the Colorado 
General Hospital between October, 1924, and October, 1942. 

2. Although the incidence in this series was greatest in the fifth and 
sixth decades, instances of lung carcinoma were found in every decade 
except the first. 

3. The location of the primary lesions in this series was of no diag- 
nostic value, since they were fairly equally distributed through the 
various lobes of the lungs. 

4. A classification of primary carcinoma of the lung based on histo- 
morphology is, in our opinion, the simplest and most logical. The 
various histologic types have been discussed. 

5. The origin of a few primary tumors of the lung from multicentric 
foci necessitates careful differentiation of these lesions from multiple 
pulmonary metastases arising from a primary site in some other organ. 
A correct decision in such cases would have an important bearing on 
the operability of this type of primary lung tumor. 

6. Metastases, which may be widespread, may fail to mimic the pri- 
mary neoplasm. The metastases were tabulated in the order of fre- 
queney with which they involved other organs. 
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7. The secondary changes affecting the lungs and the pleurae, 
changes in the heart, pericardium, and liver, other primary tumors, 
and interesting miscellaneous conditions were discussed. 


The technical assistance of Mr. Glenn E. Mills with the photomicrography is 
gratefully acknowledged. 
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THORACOSCOPIC REMOVAL FROM THE CHEST OF 
A BROKEN ANESTHETIC NEEDLE 


CasE REPoRT 


Ricuarp A. S. Cory, M.B., Cu.B., M.R.C.S, (ENGLAND), 
L.R.C.P. (Lonpon ) 
LIGUANEA, JAMAICA, Brit. WEST INDIES 


HE process of removing a broken needle from the chest with the 
aid of the thoracoscope, was described, in 1937, by Andrews,’ of 
Prince Albert, Saskatchewan. 

A rather similar type of case was referred to me in Dec., 1941. The 
patient was to be submitted to a closed pneumonolysis, and the chest 
wall being thin, the local anesthetic was being given with a long tuber- 
culin needle which broke below the surface of the skin. 

The patient was returned to bed and no external attempt was made 
to remove the needle then. X-rays taken later revealed it lying half- 
way up the dome of the diaphragm, it having slipped into the chest 
in the interval. 

A right-angled Jacobaeus-Unverricht thoracoscope was introduced 
low down in the chest in order to be near the diaphragm, and the frag- 
ment of needle was quite easily located. 

Through a second cannula a pair of forward-grasping Chevalier 
Jackson bronchoscopic forceps was passed, and the needle was picked 
up by one end without any great difficulty—but at right angles to the 
foreeps—and no amount of coaxing could induce it to alter its angle 
until it finally slipped from the jaws of the forceps and fell back into 
the chest. 

It was then picked up squarely by its center, brought up to the chest 
wali within easy view of the thoracoscope and driven a short way into 
the parietal pleura by its point. 

Grasp of the forceps was then relaxed, and the needle remained 
sticking in the pleura in such a position that it was easily seized by 
its protruding end, in line with the forceps, and drawn out through 
the cannula. 

This brief report is submitted to eall attention again to an accident 
which may happen to anyone introducing needles into the chest, and 
to emphasize how simple the process of removing these foreign bodies 
may be, provided that the use of the thoracoscope is kept in mind. 

It is even suggested that no external operative removal should be 
attempted unless x-ray and thoracoscopic studies had demonstrated 
conclusively that the needle was buried in the chest wall and not pro- 
truding internally. 
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LEAD BUTTONS FOR INTRAPULMONARY LOCALIZATION 


Epwarp F., Skinner, M.D. 
Detroit, Micu. 


EFORE a lung abscess or tuberculous cavity ean be drained ex- 

ternally, it is important that it be accurately located. By the use 
of the lead buttons herein described, the following facts can be deter- 
mined: The specific location of the lung abscess or cavity with respect 
to the lobe involved, the distance of the abscess or cavity from the 
pleura, and the approach most suitable, technically, for dependent drain- 
age. The buttons can be applied in a few minutes; their chief advan- 
tages are their simplicity and the accuracy they give the surgeon in lo- 
ealizing intrapulmonary lesions. 

Bronchoscopy should usually be done, also, as it may give valuable 
additional information. 

The buttons are cut from sheets 1 mm. in thickness of lead or zine, 
using scissors. Two or three different shapes are advisable, for example, 
round, square, and triangular buttons. Each button measures about 1 
em. in diameter, and has two holes punched in it large enough to admit 
easily an ordinary cambric needle. For convenience, they are packaged 
as shown in Fig. 1. 

STEPS IN APPLYING THE BUTTONS 

1. All available roentgenograms of the patient are first studied, to 
gain an idea of the approximate location of the lung abscess. The pa- 
tient is then examined with the fluoroscope, sitting up first in the antero- 
posterior position, and then in the posteroanterior position. In each 
position the operator places his index finger on the patient’s skin directly 
over the abscess, under fluoroscopic guidance. An assistant then paints 
an ‘‘X’’ at this point on the patient with tincture of iodine. The pa- 
tient now has an ‘‘ X”’ on the front and back of his chest. 

2. The patient then lies prone, and a skin wheal is raised with 1 per 
cent procaine hydrochloride solution in the center of the ‘‘X’’ on the 
patient’s back. 

3. One stitch is taken through the patient’s skin in the anesthetized 
area, using the straight cambric needle and suture material. One or two 
square knots are then tied snugly next to the patient’s skin. It is im- 
portant to tie these knots before applying the button so that the but- 
ton can be eut off after roentgenograms are taken, leaving the stitch still 
in place as a marker during the following external drainage operation. 

Received for publication Aug. 21, 1943. 

From the Herman Kiefer Hospital. 
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Fig. 1.—Package consists of two lead buttons of different shapes, and a straight 
cambric needle threaded with nonabsorbable suture material of silk, nylon, or cotton. 
These are all folded in a four-inch square of surgical gauze, and this in turn is 
wrapped in stout brown paper. The package is sterilized by autoclaving, and a few 
of these sets are always kept ready for immediate use. 





Fig. 2.—Lung abscess with lead button markers in place. The arrows outline the lung 
abscess cavity, which is surrounded by pneumonitis of the right upper lobe. 
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4. The two ends of the suture are now threaded through the button, 
and again one or two knots are tied. Any excess suture material, and 
the needle, is then cut off. A small bandage of gauze is placed over 
the button and secured with strips of adhesive tape. 

5. The patient is now turned over on his back and another button of 
different shape placed on the front ‘‘X’’ on his chest in a like manner. 
Occasionally a button will have to be placed instead in the axilla, if 
drainage is contemplated in that area. 





Fig. 3.—Residual tuberculous cavity following partial thoracoplasty, treated by 
Se cee. wie ea a” thoracoplastic collapse. Arrows outline 

6. Roentgenograms are now taken; stereoscopic postero-anterior chest 
films plus a lateral film of the affected side are usually sufficient. If 
the lung is somewhat radiopaque about the abscess, the Potter-Bucky 
diaphragm should be used. 

The resulting films resemble those demonstrated in Figs. 2 and 3. 
One of the buttons will be out of focus (that on the back of the patient), 
and the other button will be sharply in foeus (that on the front of the 
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patient, next to the film when the roentgenogram was taken). By study- 
ing these stereoscopic films on a stereoscopic view box, it can readily be 
determined which button is closer to the lung abscess, and the surgical 
approach decided upon. 

We have used these buttons now in about twenty-five cases of lung 
abscesses or tuberculous cavities with no failures. The ease with which 
the abscess or cavity can be located by a needle and syringe when guided 
by the buttons greatly facilitates the surgeon’s work. Some of the 
tuberculous cavities located with the aid of these buttons were no larger 
than 1 or 2 em. in diameter, hidden in lungs collapsed by extensive 
thoracoplastic operations. 

Lung abscesses and tuberculous cavities should be drained through as 
little lung tissue as possible. Upper lobe cavities are usually best drained 
anteriorly, paravertebrally, or in the axilla; middle lobe cavities an- 
teriorly or anterolaterally ; and lower lobe cavities posteriorly, below or 
medial to the scapula. 

This same technique is also applicable for large bronchiectatie cav- 
ities and congenital lung cysts, when infection and toxemia are very 
troublesome. 

These lead buttons may also find wider application in other fields of 
surgery where accurate localization is necessary. 
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